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Reciprocal interaction between miRNAs and their targets
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Reciprocal interaction between miRNAs and their targets
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Translational repression of the target mRNA

Cleavage of the target mMRNA
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Lee et al, 2013 (Cell Host Microbe)
Bitetti et al, 2018 (Nat Struct Mol Biol)
Kleaveland et al, 2018 (Cell)



The ZSWIMS8 Cullin-RING E3 ubiquitin ligase model of TDMD
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Computational Prediction of miRNA Degradation Inducers

Project : Computational identification of TDMD-inducer candidate sites
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Computational Prediction of miRNA Degradation Inducers

Project : Computational identification of TDMD-inducer candidate sites

TARGET-DIRECTED microRNA DEGRADATION
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TDMD-inducing pairing geometry:
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From 30 examples of active TDMD inducers & 7 examples of inactive sites



Workflow overview

miRBase mature UCSC multi-alignment Record RNA/microRNA pairings
microRNA sequences 1+ of 100 vertebrate genomes that match TDMD-inducing pairing

Human T LU T YT

Zobrafish TITTTTIITITITT  (AALLLUIIGIL, —>  TC YTmr

List of all putative TDMD-inducing sites in the human genome

For each record:

- position of the RNA site in human genome (chromosome, coordinates, strand)

- genomic annotation of the RNA site (coding exon, intron, intergenic region, UTR)

- paired microRNA name

- geometry of the pairing (extensive complementarity, central bulge or seedless)

- conservation (list of other vertebrates for which a TDMD pairing is also found for this site in their genomes)

+RNA-seq data
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Workflow overview

miRBase mature UCSC multi-alignment Record RNA/microRNA pairings
microRNA sequences 1+ of 100 vertebrate genomes that match TDMD-inducing pairing

Human T LU T YT

Zobrafish TITTTTIITITITT  (AALLLUIIGIL, —>  TC YTmr

List of all putative TDMD-inducing sites in the human genome

For each record:

- position of the RNA site in human genome (chromosome, coordinates, strand)

- genomic annotation of the RNA site (coding exon, intron, intergenic region, UTR)

- paired microRNA name

- geometry of the pairing (extensive complementarity, central bulge or seedless)

- conservation (list of other vertebrates for which a TDMD pairing is also found for this site in their genomes)

+ RNA-seq data in
murine neurones
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TDMD-inducing site

expression De la Mata et al, 2015 (EMBO Rep)



Prediction of TDMD-inducer candidates in cortical neurons
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Expression in cortical neurons (ppm)

X-axis: Expression of TDMD site host RNA in cortical neurons (ppm)
Y-axis: Ranking of TDMD sites by clade specificity

(a site is specific to a phylogenetic clade when present in >50% of species in the clade and absent in every species outside the clade)



Experimental validation of TDMD inducer candidates in cortical neurons

shRNA lentiviral vector\

transduction
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To be continued...
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Suppl. Slide:

h Database miRBase

All mature miRNA sequences
Format fasta file

oel-let-7-5p MIMATOODOO0001 Caencrhabditizs slegans let-7-5p
UGAGGUASUAGGUUGUATAGUU

>cal-let-7-3p MIMATOD15091 Caencrhabditis elegans let-7T-3p ;235;
CUAUGCAAUUUUCUACCUIACT

miRBase

Index of common species names

#Latin species miRBase prefix UCSC_assembly
n Database UCSC Homs sapiens hea heg 38

Human vs 99 vertebrate genomes 46 callithrix jacchus cia calJac3
Format multiple alignement file (1 per chromosome) Mus musculus mmu 1.0

a score=1380.000000 54

s hg38.chry 10849 20 + 57227415 TGCAAACACTTTGTACGAAR ucsc

a3 rheMac3d.chrlin JHZ90448% T48 20 + 18874 TGCCARCATTTTGTAGACAR

i rheMac3.chrUn_JH290445 C 0 C O block

3 colLivl .KB375582 237180 19 = 1274627 TGCAAARC-CTTCATGCTGGR

i eolLivl.KB375582 Naco

score=1184.000000

=1

3 hg3s.chr¥Y 11200 11 + 57227415 CTATGGCTTCT

5 rheMacd.chrUn JH29044% 1099 11 + 18974 CTATGGGTTCT

i rheMac3.chrUn_JH29044% C 0 I 1354

5 allMisl.JH732223 485913 11 + £22340 CCCTGGACATC )ggguﬂékgcngd
i allMisl.JHT32223 I1¢coh



1. Search of TDMD-inducing pairing patterns

miRBase mature
microRNA sequences

UCSC multi-alignment
* of 100 vertebrate genomes

Record RNA/microRNA pairings
that match TDMD-inducing pairing

3 5

> [HENRRERE

. ) i
Human T (L [T
21 5
; s Y YT
Mouse  TTTTTTITTTITTIToT el —
o 3 5
zebrafish  TTTITrrrrrrorroT LU —

Database miRBase
= | All mature miRNA sequences
Format fasta file

>eel-let-7-5p MIMATOOO0001 Caencrhabditis elegans let-7T-5p
UGAGGUAGUAGGEUUGUATAGUL
>cel-let-7-3p MIMATO01509]1 Caencrhabditis elegans let-T-3p
CUATGCAAIUUUCUACCUUTACC

Database UCSC

= | Human vs 99 vertebrate genomes
Format multiple alignement file (1 per chromosome)

a score=1380.000000

s hg38.chry 10849 20 + 57227415 TGCARACACTTTGTACGAAR

s rheMac3.chrUn JH290449 748 20 + 18574 TGOCAACATTTTGTAGACAR

i rheMac3.chrUn JHZ9044% € 0 C 0 block

s collivl .KB375582 237180 19 - 1274627 TGCAAAC-CTTCATGCTGGA

i colLivl . KB375582 HNacio

a scorae=1184.000000

5 hg38.chrY 11200 11 + 57227415 CTATGGCTTCT

s rheMacd.chrlUn JH2Z89044% 1099 11 + 18974 CTATGGGTTCT

i rheMac3.chrlUn_JHZ3044% C 0 I 1354

s allMisl.JH7T32223 485813 11 + 622340 CCOTGGRCATC )OI'IE! aligned
sequence

i allMisl.JR732223 ri1co



1. Search of TDMD-inducing pairing patterns

miRNA sequence UAGCACCAUCCGAAAUCAGUACC

12345678 91011121314151617181920 212223

TAGCACCATCCGAAATCAGTACC supp CB match
seed supp MM ATCAGTACC
supp CB ACCAGTACC
Supplementary sequence extraction ATCAATACC
GU variant definition ATCAGCACC
supp MM match .
ATCCGAAA Pattern matching ACCAATACC
ACCCGAAA /\ ACCAGCACC
seed match P TCCAAAA seed match ATCAACACC
AGCACCACCCAAAA AGCACC ACCAACACC
AAGCACCACCCGAAATCTGACCCACGTTT TAGCACCATGGCATCAATACCGCCTAGGG
J RNAduplex folding I
e la (o (&)Y eI ) e 0000 (e (CCCCCCCC&D I ee)))))))))
(CCCCCCCCCCeCCeC. o (o O O O O O O O (G ceeeeeedd
Prrrrrrrrernrren 11 frrrrrnnl rrrrrnnand
)))I))IN)IN))))) L) e ) ))))))) ). )))))))) ).

J Numeric transformation l
02222222122222222020022 22222222200000222212222
T‘?‘??%??%????%??AGTACC TI'%??ZIACE(I?ATCCGAAATCAGTACC
TTCGTGGTGGGCTTTAGACTGGGTGCAAA ATCGTGGTACCG--TAGTTATGGCGGATCCC

022222221222222220200220 222222222000 2222122220



1. Search of TDMD-inducing pairing patterns

123458678 58101012131415161718 1820 2122 23

miRNA sequence 5 -UAGCACCAUCCGAAAUCAGUACC-3°

String transformation

seed

5" -TAGCACCATCCGAAATCAGTACC-3°

3" -GGTACTGATTTCGGATGGTGCTA-5"

anti-seed

Pattern matching

Complementarity equivalent

seed match

5 -TAGCACCATCCGAAATCAGTACC-3~

sense strand 5 —-AAGCACCACCCGAAATCTGACCCACGTTT-3°

anti-seed match

3" -GGTACTGATTTCGGATGGTGCTA-5"
sense strand 5" -AAACGTGGGTCAGATTTCGGGTGGTGCTT-3 "

miRNA 57 -TRGCACCATCCGAAATCAGTACC 37
antisense strand 3~ —TTCGTGGTGGGCTTTAGACTGGGTGCAAA 5*

miRNA 37 —CCATGFKCTAAAGCCT&(?(%%??%T—5 ’
sense sftrand 5" -AAACGTGGGTCAGATTTCGGGTGGTGCTT-3
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Existing TDMD-compatible miRNA in the species:
= one miRBase-annotated miRNA
o one candidate miRMNA
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Experimental validation of TDMD inducer candidates in cortical neurons

Brightfield
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To be continued...

miR-708  miR-29b miR-1a miR-23b
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Existing TDMD-compatible miRNA in the species:

= one miRBase-annotated miRNA
o one candidate miRNA

= no MiRNA

Conserved in:

Identification of clived Nnat transcripts by RLM 5-RACE
RNA Ligase-Mediated-5'Rapid Amplification of cDNA Ends

N
100%

50%

0%
of the 100 aligned vertebrate species



Experimental validation of AGO2-miR-708 cleavage activity

Murine cortical
neurons

extraction

o
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mRNA capture l/ . ' m

AAAAA
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—_— A 400 bp - :| fragments

Total RNA l

5' adaptor ligation

Reverse :I
transcription 300 bp - y

— TTTTT
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External PCR
:I Cloned and

sequenced

. 100 bp -

-—

Internal PCR

Cloning and
sequencing

predicted AGO cleavage site

201918 17 16 15 14 13 111C9$7{J‘J‘13215

miR-708 SGGGUCGAUCUAAC UUCGAGGAA
FEEEEET R

Supplementary

Nnat mRNA . ..AGUGUCUCCCCAGCUAGARUUGUAAGCUCCUGGAGACAGGGACCACCUCCACCAARAAUAARARA. ..

(NM_010923.3) | )'[ | | |
1120 1140 1160 1180

58%  38% 4%



